shows the X-ray diffraction patterns for the 80 (0.6Li2S• 0.4SiS2)• 20Li3PO4 oxysulfide samples before and after crystallization. Diffraction peaks due to the crystal phases of Li2S, Li4SiS4, and Li3PO4 are observed in the crystallized sample while the halo pattern is observed in the glass sample. The precipitated crystal phases from the (100-x)(0.6Li2S• 0.45iS2)xLi3PO4 oxysulfide glasses were listed in Table 1 . The crystal phases described with bold characters are the main phases present in the crystalliz ed samples. The main crystal phases precipitated were Li4SiS4 at the compositions with x=0 and 5, Li2S with x=10 and 20, and Li3PO4 with x=40. 
29Si MAS-NMR spectra
The structural change around silicon atoms accompany ing crystallization was examined by comparing the 29Si MAS-NMR spectra for the glass samples with those of the crystallized samples. Figure 3 shows the 29Si MAS-NMR spectra for the 80 (0.6Li2S• 0.4SiS2)• 20Li3PO4 oxysulfide glass before and after crystallization as an example. Six
Oxysulfide Glasses peaks at about 5, -3, -25, -55, -90 and -110 ppm are observed in the spectrum of the glass sample. However, four peaks at about -3, -25, -55 and -90ppm complete ly disappear and only two peaks at 5 and -110ppm remain in the spectrum of the crystallized sample.
The peak at 5ppm is ascribed to silicon atoms coor dinated with four sulfur atoms, which are represented as SiS4 tetrahedral units; these SiS4 units are connected each other only by corner-sharing or isolated SiS44-ions. 9) The peak at -3 ppm is assigned to the combination of the following two silicon-centered tetrahedral units. 8) One is the SiS4 units connected by both edge and corner-sharing and the other is SiOS3 tetrahedral units in which silicon atoms are coordinated with one oxygen and three sulfur atoms. The two peaks at -25 and -55ppm are respective ly assigned to SiO2S2 and SiO3S units. The broad peaks at around 90 and -110ppm are due to silicon atoms coor dinated with four oxygen atoms, SiO4 tetrahedral units. 10) These peaks are respectively due to Q3 and Q4 units using the Qn nomenclature; Q means SiO4 units and n indicates the number of bridging oxygen atoms.
In the glass sample, large amounts of SiOnS4-n(n=1, 2, 3) structural units in which silicon atoms are coordinated with both oxygen and sulfur atoms and SiS4 units with edge-sharing are present. During the crystallization, these unique silicon structural units vanish because of the absence of the three peaks at -3, -25 and -55ppm in the crystallized sample. The sharp peak at 5ppm observed in the crystallized sample is due to isolated SiS44-units because the crystal phase of Li4SiS4 was identified by XRD measurements at this composition. The broad peak at about -90ppm disappears while the peak at about -110ppm still remains in the crystallized sample. These changes sug gest that the structural units of Q3 being present in the The SiS4(+SiOS3) silicon structural units, as shown in Fig. 5 (a) , monotonously decrease with an increase of x in the glass samples. Similar composition dependence is observed in the crystallized samples; closed circles in this group represent the fraction of only SiS4 units because only the peak at 5 ppm due to SiS4 units is observed and the peak at -3ppm partially due to SiOS3 units disappears in the crystallized samples. In addition, the fraction of SiS4 units in the crystallized samples is larger than that in the glass samples at a given composition.
The SiO4 units monotonously increase with an increase of x in both glass and crystallized samples (Fig. 5 (c) ); closed circles in this group are attributable to only the fraction of Q4 units because the peak at -110ppm due to Q4 units is only observed and the peak at -90ppm due to Q3 units disappears in the crystallized samples. The fraction of Q4 units in the crystallized samples is larger than that in the glass samples at a given composition. The fraction of Fig. 5 (b) SiO2S2+SiO3S units drastically increases with the addition of small amounts of Li3PO4 while that slightly decreases with the addition of large amounts of Li3PO4 in the glass samples, the fraction of these units is over 40% in the range 5<x<20. These units are not present at any composition in the crystallized samples.
It is concluded that the SiS4 structural units decrease, while SiO4 units increase with an increase of x in both glass and crystallized samples. The SiOnS4-n(n=1, 2, 3) units present in the glass samples completely vanish and the SiS4 and 5iO4 (especially Q4) units increase during the crystallization at any composition.
3.3 31P MAS-NMR spectra The structural change around phosphorus atoms accom panying crystallization was examined by comparing the 31P MAS-NMR spectra of the glass samples with those of the crystallized samples. As an example, Fig. 6 shows the 31P MAS-NMR spectra for the 80 (0.6Li2S• 0.4SiS2)• 20Li3PO4 respectively. The symbol "SNB" represents nonbridging sulfur atoms. The binding energies (BE) and the relative area of S2p peaks due to these four components are listed in Table 2 . As the relative amounts of SNB and S2 are propor tional to the corresponding S2p peak areas,12), 13) the relati ve amounts of S2 in the glass and crystallized samples are estimated to be 22 and 33%, respectively. It is revealed from S2p spectra that both SNB and S2 are present in the 80 (0.6Li2S 0.4SiS2)•Li3PO4 oxysulfide glass before and after crystallization and the relative amount of S2-increases with the crystallization. Fig. 9 . S2p photoelectron spectra for the 80 (0.6Li2S 0.4SiS2) 20Li3PO4 oxysulfide glass before and after crystallization . The peaks of SNB2p1/2 and SNB2p3/2 are respectively denoted by the let ter "a" and "b", and those of S2-2p1/2 and S2-2p3/2 are respectively denoted by "c" and "d". Table 2 . Binding Energies (BE) and the Relative Area of S2p Peaks Due to Four Components of SNB2p1/2, SNB2p3/2, S2-2p1/2 and S2-2p3/2 for the 80 (0.6Li2S• 0.4SiS2)• 20Li3PO4 Oxysulfide Glass before and after Crystallization Figure 10 shows the O1s photoelectron spectra for the 80 (0.6Li2S• 0.4SiS2)• 20Li3PO4 oxysulfide glass before and after crystallization. Two peaks at around 532 and 530 eV are observed in both glass and crystallized samples. The in tensity of the peak at 530 eV in the crystallized sample is weaker than that in the glass sample. These spectra were separated into two components (a) and (b) by using the best-fit deconvolution program on the basis of the XPS study for the Na2O-P2O5 oxide glasses. 14),15) The peak (a) at the higher binding energy side (532 eV) is attributed to bridging oxygen atoms (OB) and the peak (b) at the lower binding energy side (530 eV) to the overlapping of non bridging oxygen (ONB) and double bonded oxygen atoms (OD) which make P=O bonds. The binding energies and the relative area of O1s peaks due to these two components are listed in 
